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Mixia osmundae (fungus) (indicated by an enzyme-dependent +16Da mass shift). Note that the cyclic peptide shows two +16Da shifts, consistent with hydroxylation of both lysyl residues within the cyclic peptide. In contrast, incubation of the linear peptide leads to a minor +16Da peak (2548Da).
Schizosaccharomyces japonicus (yeast)
Although dependent on Jmjd4 activity we were unable to definitively assign this peak as .99   b3  b4 b5 b6 b7 b8 b9  b10 b11 b12 b13 b14 b15   y4  y5  y6  y7  y8  y9  y10  y11  y12  y13  y14  y15  y16  y17 1291bp (1) 1155bp (2) ~120bp (4) 660bp ( in this study (Grentzmann et al., 1998) , indicating normal splicing to remove the chimeric intron from the full-length mRNA (1) to produce product (2). Sequences inserted within the recoding window have potential to generate cryptic splice sites and aberrant splice variants of product (2) (see [Holcik et al., 2005; Lemp et al., 2012] ) indicated as products (3) Note that a single siRNA sequence is presented since the specificity is confirmed in (K) and (L). Hypoxia was performed at 1, 0.1 or 0% oxygen for 24 hours using a Ruskinn hypoxia station, followed by cell lysis (see below) in the presence of 1mM N-oxalylglycine (NOG; Santa Cruz Biotechnology). Cellular inhibition of 2OG oxygenases was achieved by treating cells with 1mM dimethyl-N-oxalylglycine (DMOG; Frontier Scientific) for 24 hours.
Expression constructs and reporters
Site-directed mutagenesis was performed by PCR using standard procedures. Human Jmjd4 and 
Statistical analyses
Data were analyzed using IBM SPSS Statistics software version 21.0 and MATLAB (Mathworks) version 7.13.0.564. Paired two-tailed Student's t-test was performed for single comparisons. For multiple comparisons, analysis of variance (ANOVA) was performed followed by Dunnett's or Bonferroni post-hoc analysis. All results are presented as mean ± SEM. To assess whether the bicistronic reporter data were normally distributed, the probability plot correlation coefficient (PPCC) test for normality was used (Filliben, 1975; Jacobs and Dinman, 2004 ). An example probability plot is shown below which visualizes how closely the data matches a standard normal distribution (data corresponds to Figure S4B ). The PPCC quantifies the level of this correlation. All calculated PPCCs were >0.869 indicating that there is no significant deviation from normality.
Immunoblotting
Following SDS-PAGE samples were electroblotted to polyvinylidene fluoride membrane 
Mapping and quantitation of hydroxylation sites by proteomics
Jmjd4 pulldowns to identify candidate substrates were performed by immunoprecipitating extracts derived from control, FLAG-Jmjd4, or FLAG-Jmjd4 H189A overexpressing cells with anti-FLAG affinity resin (Sigma) overnight at 4°C. Identification of hydroxylation sites in the eRF1/eRF3a complex was performed by first transiently transfecting HEK293T cells with V5-eRF1 and HA-eRF3a in the presence or absence of HA-Jmjd4 for 48 hours, prior to immunoprecipitation of extracts with anti-V5 affinity resin (Sigma) overnight at 4°C.
Immunocomplexes from both of the above experiments were thoroughly washed in lysis buffer prior to elution in ammonium hydroxide and precipitation with methanol/chloroform.
Endogenous eRF1 was purified from various sources by extracting samples in lysis buffer prior to immunoprecipitation with mouse anti-eRF1 monoclonal antibody (Santa Cruz Biotechnology) overnight at 4°C. These immunocomplexes were thoroughly washed in lysis buffer prior to elution in Laemmli buffer, SDS-PAGE separation, and coomassie blue staining. All samples were then digested in bicarbonate buffer using sequencing-grade trypsin (Sigma) or Arg-C (Roche) (Cockman et al., 2009) 
Mass spectrometry analysis
Samples were resuspended in 20 µl of Buffer A (2% acetonitrile, 0.1% formic acid) and subjected to LC-MS/MS (Waters, Acquity, 75 µm x 250 mm, 1.7 µm particle size) analysis using a Thermo LTQ Orbitrap Velos (Thermo Scientific) at a Resolution of 30000. MS/MS spectra were acquired in CID mode, selecting up to 20 precursors. Peptides were separated by a linear gradient of 1-40% Acetonitrile in 120 min at a flow rate of 250nl/min (Fischer et al., 2012 as part of data analysis using the Central Proteomics Facilities Pipeline (Trudgian et al., 2010) .
RNA analyses
Total RNA was extracted from HeLa cells using TRIzol ( 
In vitro hydroxylation assays with recombinant eRF1 and Jmjd4
Small scale reactions were undertaken as follows. Recombinant eRF1 (2ug) Triton-X-100, 10% glycerol, 0.2mg/ml lysozyme, protease inhibitors and 6mM β-mercaptoethanol, before sonication and centrifugation to remove insoluble debris. Supernatants were mixed in a 1:10 volume ratio of Jmjd4 to eRF1 prior to four separate additions of 10mM 2OG and 80µM Fe(II) over a 16 hour period at room temperature. eRF1 was subsequently purified by a two-step chromatography method using Ni-NTA and MonoQ columns as described in the main text.
Components of the fully reconstituted in vitro translation system
The 40S and 60S ribosomal subunits, as well as eukaryotic translation factors eIF2, eIF3, eEF1 and eEF2, were purified from a rabbit reticulocyte lysate as described (Alkalaeva et al., 2006) .
The eukaryotic translation factors eIF1, eIF1A, eIF4A, eIF4B, eIF4G, eIF5B, eIF5, eRF1 and its K63R mutant were produced as recombinant proteins in E. coli strain BL21 with subsequent protein purification on Ni-NTA agarose and ion-exchange chromatography (Alkalaeva et al., 2006) . MVHL-stop transcription vectors have been described (Alkalaeva et al., 2006) .
Pre-termination complex assembly and purification
Pre-termination complexes (pre-TC) were assembled as described (Alkalaeva et al., 2006) . (to a final concentration of 2.5 mM Mg 2+ ) and used in termination efficiency assays.
Termination efficiency assay
Termination efficiency (k cat /K M ) was determined from k obs as described (Eliseev et al., 2011) .
Briefly, aliquots containing 0.0125 pmol of pre-TC assembled in the presence of [ 
Peptide synthesis
The eRF1 Sample preparation for MALDI analysis eRF1 peptides (50 μM) were incubated at 37 °C with recombinant Jmjd4 (10 μM), Fe(II) (100 μM) and 2OG (200 μM) in 50 mM HEPES pH 7.5, or with Jmjd6 as described (Webby et al., 2009) . Reactions were quenched after 1 hour by the addition of 0.1 % formic acid, and 1 μL of the resultant mixture was spotted directly onto a MALDI target plate with 1 μL α-cyano-4-hydroxycinnamic acid matrix. MALDI analyses were carried out using a MALDI-TOF micro MX™ mass spectrometer (Waters Micromass™). Mass spectra were acquired in positive ion reflectron mode with a 17 kV acceleration voltage.
Sample preparation for amino acid analysis
For amino acid analyses, the eRF1 cyclic peptide (50 μM) was incubated with recombinant Jmjd4 (10 μM), Fe(II) (100 μM) and 2OG (200 μM) for 1 hour at 37 °C in HEPES buffer (50 mM, pH 7.5). The reaction was quenched by the addition of methanol (50 % final concentration), incubated on ice for 2 hours and then centrifuged to pellet any precipitated Jmjd4. The supernatant containing the cyclic peptide (as confirmed by MALDI-TOF MS analysis) was transferred to a fresh tube and dried in a vacuum centrifuge. The dried reaction mixture was then resuspended in double distilled water and the peptide subjected to enzymatic hydrolysis at 37 °C with trypsin (1 μL, 100 μg mL −1 ; Promega) for 1 h, followed by Carboxypeptidase Y (1 μL, 5 mg mL −1 , Roche) overnight.
The hydrolyzed peptides were dried by vacuum centrifugation, reconstituted in borate buffer pH 9.0 and derivatized by 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate (AQC) in acetonitrile according to the AccQ-Tag Ultra Derivatization Protocol (Waters). LC-MS analyses were performed as described (Mantri et al., 2011 ) using a Waters Acquity ultra performance liquid chromatography system coupled to an LCT Premier XE orthogonal acceleration time-offlight mass spectrometer equipped with an electrospray ionization source (Waters, USA). The gradient conditions used for separation were as follows: 
Synthesis of 3-hydroxylysine
3-Hydroxylysine was synthesized as summarized in Scheme 1. Initially, 4-aminobutanal diethylacetal was protected as the phtalimide. The aldehyde was subsequently liberated using mild acid hydrolysis. In the key step ethylisocyanoacetate was reacted with the aldehyde using transition metal catalysis. The resulting dihydrooxazole was cleaved with HCl; we did not acquire evidence for elimination within limits of detection. In the final step the phtalimide was cleaved using hydrazine to give 3-hydroxylysine as a mixture of stereoisomers: 4-aminobutanal dimethylacetal (6.00 mL, 35.0 mmol, 1.0 eq) and NEt 3 (5.40 mL, 36.6 mmol, 1.05 eq) were added and the reaction mixture stirred at room temperature for 4 h. After completion of the reaction the solvent was evaporated in vacuo to give 7.92 g (78 %) of 2-(4,4-diethoxybutyl)isoindoline-1,3-dione (Teshima et al., 1991 135.0, 133.5, 132.3, 131.6, 129.1, 125.0, 123.6, 68.8, 39.4, 37.5, 30.6, 30.3, 24.4, 23. 2-Amino-6-(1,3-dioxoisoindolin-2-yl)-3-hydroxyhexanoic acid (40 mg, 0.13 mmol, 1.0 eq) was dissolved in 5 mL H 2 O, N 2 H 4 .H 2 O (27 mg, 0.33 mmol, 2.5 eq) was then added. The reaction mixture was stirred at room temperature for 18 h, then purified by HPLC (0-100 % MeCN in H 2 0, 0.1 %CF 3 CO 2 H) to give 8 mg (33 % over 2 steps) of 3-hydroxylysine as a mixture of diastereomers (see Figure S2D ). 
Synthesis of 4-Hydroxylysine
4-Hydroxylysine was synthesized as a mixture of all 4 stereoisomers using a modified literature procedure (Morin et al., 1998) . 4,5-Dehydrolysine dihydrochloride (Bachem, 10 mg, 0.05 mmol) was dissolved in 6M H 2 SO 4 (5 mL) and the solution was heated under reflux for 18 hours. The pH of the solution was then adjusted to pH 10 using 5M NaOH and used directly for amino acid analysis. A 1 H NMR spectrum of the reaction mixture revealed the presence of 4-hydroxylysine (see Figure S2E ). 
